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troduction. 





The electron multiplier is a device which utilises the 
phenomena of secondary emission for multi,lying a single elece 
tron into an avalanche of electrons. Through a suitable ame 
plifier and scaler it gives results similar to the Geiger 
Mueller cointer. Since no gar is required, it operates in a 
vacuum, no window need bo interposed between the source and 
the multiplier when the instrument is used in conjunction with. 
a Beta ray spectrometsr. Furtheinore, seeondery emittere are 
roest efficient for incident electrons having energies on the 
order of 400 to SOO electron volte. Therefore, the electron 
multiplier should bo particularly useful for detection of exe 
tremely low energy electrons, The write? proposes to use it 
for investigation of the low energy end of Peta ray spectra 
with W. M. Klee and ©. JU. Woore who are working on the source 
protlem and the spectrometer y;robler. 

Jnlike the Goiger counter which is ecnsiégered to heve 
nearly 109% officiency for all electrens that have sufficient 
energy to penetrate tne window, it is not expected that the 
Qlectron multiplier will be eyually ar efficient at all ener~ 
sles. It is necessary to find oit wnat this efficiency 18 as 
a functi n of energy primerily. 

ith the ald of an esleetron gun nae foirce of slottrons, 
it is planned to measure the inpert current utiliging the cem- 
} Lete electron multiplier assemtly; ae a Faraday Cace., Then 


with the electron miltizylier in its conventional rele, it is 


46.4") , 





cs GF 


° 


Portes cure ” 


Ss 
nc 


va | ; 
Teateotd Te miecocemy 


rls » 
a pereles ERNE sdab reve No minaatann Ae ont ith. 


SUE wn URAL pktomed morn 4 attene bw quttity 
0 Wee ™ STRONOF Celine 
ow timer 


rim nnn me moines eta 


| 10T WURLUN te sean 
NORE WE iri te OF 94 OS 324 Tats 
FF An emanseme yor MWitee eTradunrenes 









































OY Pilate cHedyts fee 
| ARAN OF Withers eet WAP Rete ee te perpen ert deus 
RRR PE ROPE FH AS ene et oe. te peeecdlawe ms nen 
TE A te galling Bn aie wil A) sek ee WHEN We A dit 
Se ARPOR Sie O42 tet os Cioey 
ahh ad Sommltores 9) he" eedrome semsey wa? ds Lr 
dempenTtly wey TL ertnypare Tin Ge retrial lees vimgen 
A eas egy yee 30) 0) w Sonieee wes TORTS tem) 4 core 
“tee 1h aa duelettie a | Give ed i Pte WAS Labs ter pacveve de 
08 @) wemelef)h* efh5 twee ec i cl ee) ee. 
out tmsay syyem  H ite’ «o 
eemedsen ly Pe, Crvees oi ew nedeece be feet, cor w. 
eC GHP PIBSLLSte Septwe oy Se Pence P Pvvyised 
i ee ae MNGi sé ectamede eos 


a 5/ i. Lvs Corie ( Pueerere - sai iey4ajeos e ify Le 








~Aee 2 


planned to obtain the counting rate for comparison. In order 
to obtain any degree of accuracy it is necersary to onploy a 


very sensitive current measuring device and «a very fart count- 
ing circuit. 

It was deemed » possibility tnat an apyreciable i ercentage 
of the incident electrons mirsht escape back our of the euge. 
This wouid seriously impeir the accuracy of input current meese 
urements. It wer therefore necesssory to investigate electron 
ssatterina theory and exrerimentel work in order to make some 
estimate of the number of electrons lost. 

Investigations into the charvcteristics of electron multi- 
pliere, the desian of rensitive current measuring circnita, 
the ecatte:ing of electrons st varioss energies, the phenomena 
of secondary emission, and the design of electron guns, indi- 
cate that the method proposed for determining the efficiency 
of the electron multiplier ic feasible. However, the results 
will probably not be as securste for senereies below about 
twenty kil-voltse ase for onergies above twenty kilovolte. 

This paper is a summary of the investigrtions made and 


the gonclusions crawn from thoes inve tirsationse 
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The actual mechanics of seeondary emission ic not very 
well understood. The o, eration of the electron waltiplier 
is paged on the fact that some materials, under certaln condi- 
tions, emit as many as ten secondaries for a single incident 
electron. For most of these materials the maximum nurlwr of 
secondaries is emitted for incident electrons raneing in energy 
from 40° to 800 electron volts. 

As may be seen from Fig. 1, taken from Owen-Harries come 
prehensive article (H=-3) on secondary emfesion, the kinetic 
energy of the seconderies is usually sither very srall or else 
very Gloso to the energy of the incident electrons. The par- 
ticular curve is produced by 15% volt primaries, but the 
general shape holds between 20 and 10,09%° volts for rost yure 
metals anc sove alloyse Feak A is produced by elastically ree 
flected electrone whils the remainger of tne curve represents 
the true secondaries, The percentage of trus secoentdéries to 

eflected secondaries increases stesdily wit inereasing energy 
to about 109° volts after whic!: it falls off again. Fige P, 
also from Owen-Harries (H-3) shows how different materials 
compare in the number of sscondsriss (total includin»y reflacted 
and trne secondaries) emitted for various energios of incident 
electrons. ‘fig. 3, taken from Allen (A=7, A-?), is the same 


Se 


tyre of curve for Beryllium Co_per aliscy. These graphs com- 


RY 


bined with Fir. 4 from Traum ant Van de Graaff (T-1) indicate 
thet secondary emission is not significant for fost materiala 
for ineident elsctrons of about two or three thousang volts 


and beyorvi. That is, the mailtinlication faeto: cGroys to one 
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RATIO OF SECONDARY TO PRIMARY ELECTRONS 
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Fic. 4. Secondary emission of electrons by electrons with 
energies up to 340 kv. 


At this point, however, it should be noted thet the ay- 
paratua which Truwp and Van de Graaff used mesesured the sec- 
ondaries for primarias striking at an angle of inci@ence esual 
to Zero. Although up to several hundred volts enargy the 
multiplication fector appears to be indepenident of the mnvle 
of incidence, at higher enerrios this doer net hold trme, At 
an angle of incidence of gero the least mumber of secondarias 
is obtained por primary and at ninety “azree incidence the 
maximume Af an extreme oxam.le see Fig. 5 from Yoodward'ts (W-1) 
work with 1498 WAVY eleztrons on various materiels. 

It ir apparent bhat in working with electrons et energies 
below two kilovolts it woul? be vory desirable to Fee, away 
from materials thst are good secondary emitters for source 
Chambers, for channel walls of the spectrometer, for barfles 
and so forth. 

In aceord ritn the usual pervorsity of nature, secondary 
emission is a nuisance when not wanted but difficult to obtain 
when desired. <A process of activation is reguired in order to 
obtain the optimum muiltiplicatione shown in Figs. 2 and 3s 

aworykin, a pioneer in the electron miltiplier field, 
found (Z=-3) that AgMe alloy has many desirable characteristics 
as a secondary emitter. He round thas he conalec, by one method 
of ne obtain an extremely high rate of secondary emis- 
gion, but it wo-ld last only a few hours, tapering off rapidly. 
With another type of treatment he wou.l€ get a lower initial 
multiplication faetor but the factor was constant for rore then 
a thousand hours of use. 

Dr. Allen who hac used Berylitum plated dynodasr in his 


maltiplisors for eeveral years changed over to BeGu allo, 
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(#3 Be by Weight) after the investiaatione of Gilles (GL) 
and Mathes (+17) indicated that a multiplication factor of 
ten wae possitle with it. 
However, Allen learned by experirventing, with various neat 
treatments that a multiplication greater than four was very 
difficult to arrive at, the meximum being 5.5 with a slightly 
oxidiged sample (A-7). Ailen used vacuum firing. Dare and 
Rowan (D-1) used vacuum firing unsiecessfully on their Allen 
tubes but Sound hydrogen firing satisfactory. W. &. Bright 
Who has constructed two modified Allen tutes at MIT for gamma 
ray Getection has also used hydrogen firing to his satisfac- 
tione Te Me Hahn, Jr. has built several neditied Allen tubes 
for ion detection in the Molecular Beam Lab. at MIT anc hes 
obtained satisfactory results with vacaum firings Ap; arently, 
thorgh, no one has been able to obtain a multiplicaticn averare 
per stage of an assembled multiplier much greater than three 
using either method of firing. 

All worke:s agree that the multiplication factor drops 
steadily with time of exposure to tne atmosphere after acti- 
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Baek in 1919 Slopian psetented a "hot ecuthofle tube" that 
employed seccendary emission for smplification purposes. It 
used magnetic fields for channeling the electrons, But it 
was not until the mid-thirties thet the firet multipliers 
appro rching practicability, the "L" and "T° types of Zwory-~ 
kin (+1, 2-2), were built. 

It was soon founc that eleetrostatic fields were superior 
40 magnetic fields for channeling the electrons from one stare 
to the next. Zvorykin concentrated on this typ~s and eventu- 
Ally eveived what is now the 951A Frotetube. It is an eler- 
tron multiplier in whith tne firgt stege is photosensitive, 
the electrons Whicn the first stage emits being maltiplisa 
by a eeriéc of stages of secondary eritting meterial. The 
Stages cr dynodes ars shaped te fet the teet focusing effeot, 
whils ths potentisl between them is ench that tne seocondsrioes 
emitted are accelerated to the enorgy that gives the grestest 
multipiteation factor, 

Wore recently Allen (A-1,°,4,4,5,7,8) working in this 
Tielo fonndi that Beryllium was not only a good emitter but 
that it had a high work function making if ineensitive to 
lignt photons. ven more important it had negligible dark 
current, a strious disativentag=: of the 951A. Beryllium is 
sensitive to X-rays, Gamme rays ar’ to charged | articles. 

Allen designed @n electron multiplior Wits a srrisa of 
stasep of Be. To find the most suitable emeps and arrengs=- 
ment for his dynodes, he used thé mechanical motel anal Ky 

(eo7 Se4): thet is, he built an experimental ret of dyncdee 


so that when pleesd on en4é the drog in heleht vetweoamh succae- 
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sive dynodee was proportional to the potential to ve placed 
between them. ‘Then a rubber sheet **«s stretched over this 
ascevbly. By cbserving how a small steel bell reacted in 
travelling along the membrane and tnen changing the orienta- 
tion and/or the shape of the dynodes to get better performance 
he arrived at the design used in his multipliers. as pre- 
viously mentioned he late: substituted BeCcu for Be. This seems 
to have all the advantages of Be an? in advition is availeble 
commercially in a suitable form. A version of this Allen 

tube is to be uesd by the writer in his research. 

Dare and Rowen (D-1) were the first to build this type 
at MIT. The dynodes which they used were mide from dies shaped 
te Allents specifications. The dies are availeble in the NS 
and EL machine shope The edges of the dynode sheets were 
crimped over nichrome wire which acted both as conductor and 
sup,orts Nichrome wire is hnrd to solder, however, and Hahn 
has been using Nickel wire to much better advantage. 

Allen used lavite as a support for the orientation and 
spacing of the dynodes with respect to each other, Tavite has 
the advantage that as obtsuined, it is soft, easily drilled and 

haped. It becomes hurd after proper baking procedures, The 
dynodes have to be activated separately if hydrogen firing is 
used, If refiting vith the hydrogen method becomes necessary, 
the assembly must be disrantled or the lavite will lose its 
insulation properties. Dare and Rowen turned to Nicalex to 
avoid this difficulty, but it has the disadvantace that it is 
very hard and is @ifficult to drill, ete. both Hahn and Wright 


are exporirenting with mica as a second alternative. 
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The dynode assembly is mounted on four of the Fovar 
outlet leads whicn act as supporting pillare from the base 
Eiate, 

4 great deal of difficulty has been experienced in seal- 
ing the bere plate. The leads through the busee plate are at 
potentials which rus from zero to 4509 volts or more. In 
the past, Kovar seals made by a glassblower in the IRE Lab 
at NIT have been used; in the soldering process, ho evsr, 
the seals have often broken because of the difference in exe 
pansion coefticients of the glass and the Kovar eyelet. A 
good deal of progress was made in inyproving the deeign to 
@liminate this weakness. An even better solution seems to be 
to use a commercial glass seal such as thet manufactured 
by Stupakoff, available in the NS anc HT. stockroom. In the 
Dare and Rowen tubss tre seals were soldered to the base 
plates on tne inner or vecuwr side; 1t would appear better 
to solider them from the outsice, thus taking advantage of 
the pressure difference to aid in the sealing. 

Dare and Rowen used a one-half ineh tube ~ith e ninety 
degree bene in it for connecting the multiplier te the vacuwn 
pumpe ore Clark of the Synchrotron Laboratory susgerted 
that a one inch tube with no ben¢ would give mucn better ree 
sults, The base plate has been redesigned with this in mind 
as well as the idea of using the tube as supyort elen the 
instrument is mounted outside the vacuum tank veing built by 
Flee. Adjustments were slso mece so that it will be relatives 


ly easy to instail in, and to r3amove from, the vacuum tank, 
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In order to provide tne volteme to each dynode 
it is necesrary that a voltage divider be used ecrees the 





power supply. Dare and Rowen used a three meyohn reaistor 
beteeen stages by=passef with a .93 mf condenser to elimi- 
nate GO cyele hum anf so forth, Fig. 6 shows Allen's ar- 
rangement. Hahn has besn using ten megohm resistors between 
stages, fn addition, Hehn has eliminated most of the leeds 
through the bast plate and re‘nerd corona difficulties by 
instelling his resistors ingide the vacuum. lie dipyedc them 
im acetone to reémeve the jaint prior to installing and he 
rerorts no difficulty in obtaining e goscd vacuum, Because 
the writer nas te shert all his cGynodes together when using 
the multiplier ar a Peraday Care, it will not be possible 
tO eliminate the leads throigh the base plate but it would 
be feasible ts eliminate the leads from the base ;late on 
out, a serious scuree of corona trouble in the past, 

As used by Dare and Rowen the multiplier had a eylin- 


drical “cen" as e housing with e window located in the ep- 


adi 


e positicn for the incident particlar to penetrate 


ct 


propria 
to the flrat cynode. This is tie manner in waith tie writer 
plane co ase the multiplier in preliminary teste. towever, 
wegen used in the vacuum tank being conetructed by Wlee, the 
window will te removed and tre base installed vecuim pipe 
iil bé blanked off. 

Dare and Rowen used 4 poeitively gra‘undes power supply. 


Therefore, the first stage of the electron multiplier hed to 


‘ox 


@ at -€500 volts While the oatynt Gynoie Was at grome poten+ 
Cleat. Por safety's sake, if ne cther, the “can”, vase flete, 


@tce Hee fo be et groune potential. Mis means’ thet an in- 
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cident slectron would be subjected to a teterding field of 
450% volte. Therefore, the winitmum energy of ineident elec- 
trona which would register would be 4500 volts. Since We are 
pertieviarly interested in the low energy Beta rays, this 
would be a serious handicap. Hence it was decided to em,loy 
9 neratively fsrouncea power supply. 

There appear to ve several other advantages to using a 
neyatively grounded power supply for the Allen Pube when 


using it as a Beta ray detector. 


(1) Lower limit of enargy of Beta particles detected 
practically Zero. 

(2) Sinee the "ean" will be at the same petential as 
the first stage, background due to rositive ions 
formed within the electron teailtiplier shnonid be 
negligible. 

(3) Pulses shoald be larger and efficiency grester. 
From the construction of the Allsn tube it seems 
quite conceivable thet with the previous arrange- 
ment the p~otenti:il gradient between the first stage 
and the “can” near the window was greater then 
the potential gradient between the first and second 
stagoe. In sich an event many of ths secondaries 
produced in the first stage woulda fail to reach 
the second stages, thus greatly reducing both the 
eain and the efficiency of the miltiplier, 

(4) Beta rays would lose no energy in entering the 


multipliere 
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The one Gisacvantage in using negative «rounding is thet 
Since the output is at a high potential the signes Nat to te 
relayed through a high voltage coupling condenser. Since 
the input capacity of most amplifiors ig on the order of ten 
micromicrofareds, a lose of only nine percent in pain will 
result if we use a 109 micromicrofarad condenser for conp- 
ling. With an input gric resistance of 10K the resolving 
time wlll ve on the order of a microsecond which should be 


sufficient for the present requirements, 


Measuring Swall Currents. 

The emplifier built by Dare and Roven (Del) for upe 
with the electron multiplier was designed to handle bétter 
than 109 eounts per eecond., The writer intenis te use the 
sexe ainplifier. The resolving time of the miltiplier itself 
is on the order of 10°” seconds. incidentally, thie #hort 
resolving tims is anotner of the electron multiplier's ad- 
ventsges. The resolving time of the in:ut stage of a con- 
ventional scaling circuit is on the order cf three to five 
microseconds (8-5), <A safe estimate of resolving time 
from the multiplier through the coupling, preamplifier, am- 
plifier, anc into the scalar appears to be 107" geeonds. 

But the real limit on maxirum number of counte is the relay 
used to actuate the mechanical counter in the esaling cir« 
cuit, as Wel] as the mamber of flip flop stages in the 
scaling circuit. Sines the relay limit is about thirty 
counts per sinute a 2096 scaler will have a resolving tine 
of about &0: nilerosesonds or permit a maximum counting rate 
of 200% per second which ecrresyonds to a current of 5.2x10726 
amperes. Witn this scaler it is expected tht the pulses to 
the register will be nearly evenly spaced. Hahn uses a 
"Cenco" register whien is capable of recording about 26 
cyeles per second. With such an arrangement, counts corres~= 
ponding to about 1x10714 amperes could be registered, 

For determining the efficiency, two types of inetrunentes 
are capable of measuring currents tnis small, the electro- 
meter and an electronic measuring cireuit using an Fr-h4 


(i-O}. Tho DuBridge balanced circuit using two Fr-54s is 
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Schematic diagram of a method of coupling the multiplier tube to the pre- 
amplifier 


FIG. G 
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Electrode system and metal tube shell of a 13-stage tube 
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the most sensitive of the electronic elrouita (D-3,75M-1,2 38-4) 
and is censiderably more rugged then an sleatromster. One 
of the galvanometers available in the Synchrotron “Laboratory 
was found toc be satisfactory if used in conjunction with 
this cireait along with a 100,010 ohm Ayrton Skhunt, also 
available. 

ig. 8 is a diagram of the circuit which the writer in-= 
tends to employ. ‘The calculations may be foun? in Appendix 
Ae 

The limit of sensitivity for thie tyne of circuit, when 
uSing the rate of change of charge method, is the fluctua- 
tion in grid current. Mm the basis of manufacturers! claims 
for the tube, tris Piuetuation is youl? amperes. A current 
of 3,2x10715 amperes would be measurable to within 3%, a eure 
rent of 5x10714 amperss to within .03%. 

Still greater accuracy "would be poasible vith a split 
FR<54 (L-5). t uses a Single cathods for ¥vhat amounts to 
two FPRe543 ina singles envelcre. This, when eaployed in a 
suitable bridge cireuit, eliminetes the variacions cue to 
the fluetuations in filament emission, Which is ons of the 


Gauses for the ;resent limit in sensitivity. Hewever, this 
tube is not available commoreially» 

It is planned to ognclose the entire DuBridee cireuit in 
OQ ~-pPacticelly alrtight metal cage to eliminate stray aleetrie 
and magnetic fieloe offects, as wall us to redace the effects 
of atmcespheric crangss on the input resistors anti the leekage 


over the tube envelope's surfeces, Care will have to be used 


in asvembling the circuit not to toueh the input reeistors 
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or the glass envelo,oe witn the bare hends. The cireuit and 
gelvenometer will have to te mounted with respoet to the 


fioor ego that miecrophonics will be held to a minimum. 
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D.C AMPLIFIER (FP-54 BripGe TYPE ) 


FROM Lu BRipse€ (D-7) 





ne mae Onan S> K, EcvcecrromeTeER KEYS 
k= /0 ohm> kK, / 

K,= 5 O 

Rk, = 10,000 Vz Millivoltmeter 


R= 10,000 onm resist box 

= 2ehm rneostat 

= 2Ortes migeostect 

nV, = 490 ohm pots G = 
= [990 onm 


S = 100,000 ohm A ton Sunt 
Cae 1S u uf AiR Cow DENISE kK. 
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Glectren seettering onte>s the prodlem cf determining 
the multiplier efrfieleancy because in using the elactren 
maltiplier es a Feregay Cege, if 2zome of the electrons should 
escape back out the opening, a true measure of the inrst 
current will not be obteined. Hence, 1: becomes nocessary 
to know whet yercentage of the electrons are lost at the 
various energies from 0 to 100 kilovoltss. 

Slectron soavtering may be classified into four divi- 
sions (He4@); 

(1) Blastic scattering b; atomic electrons, particnu- 

larity pronounced for very sort Beta rays. 

(2) Blastic scattering by atomic nuclei also pronounced 

for soft Beta rays, 

(3) Inelastic collisions with eleetrons for Beta rays 


of intermediates energy. 


a 


ic enolitsions of swift electrons with atomic 
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fhe seattering formule of Mott (M-10,132,1£,13) see Ape 
pendix B expresses the relationshi}) between seattered wlec-~ 
trons and incident electrons foi very thin folls (single 
scattering) and for fast electrons. The formule hes been 
found satisfactory experimentally for relatively small angles 
of deflection (angle between direction of incident electren 
anc its direction of departure) by the work of Van de Greeff 
et al {V+i) and Buechner et al (B=¥6). The formula does not 


hold umlees Wentzel's eriterion iw setieried (Wi, Fit). 
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Menteel's érlterion detemtines she boundary Weoween oluple 
seattering ai maitiple seattering. 

Yultiple seattertng ovcurs most at emall angler of dae- 
flection and leset eb large anglee of Jeflestion. UGoudemtt 
and Sgunderson (Gf) Swe Appendiz ¢ an@ ©. J. “tllinrce 
(We'7,2) nave develgped extrosaions for the moltirle sentter~ 
ing af eleetyons in thin taretts. Both formulas have been 
founa to Le in goo agroement ‘ith oxperiment by Kulchiteky 
and Laytishevy (K-5},. These two formulas are not as explieit 
ae the Wott formula, The criterion for determining the ac- 
ouraey of the multiple seettering formulae is tc compere 

max from the formula and the observed max where sax 
is the angle correasronding to the mest probable valus of 
sin and is a measure for the width of the Gavesian carvo 
ein is the direetion which the electron age 
sumes alter having been seattered. 

Fig. 9° giows wheat happens whon the condittons found at 
the entrance windew are substituted in the Mott formula. 
Altheacn the reeultes appear etartling for tre levest energies, 
16 must be pointed out that the Mett formula was net intended 
Yor theese low energies; further, the tarpfet ie en thick that 
Wenbtzel'ts eriterion ic not gatiefied even for tive angle of 
defleetion of 150°. 

Fige 10 demonstrates the results obtained with Gougemit 
ami Oaunderzon's fowmala Ter two different sets of condédi- 


tinones. Sines the formula resuiree Legendre funetions for th 


™ 


angiw of deflection anf the tebl* availinbic (8-7) went only 


the 18°° yeavion in 
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to 90°, po reenlis sould be obtein 





Dr 
olga anasnd cebemed wd satetal seas #NLroee | ¥ 


sat 50 pals a 9 | -, 


Danae 4. 



















20 views tosh: 





‘ i oo ] 
ee ee 
te hi or eT oe eee 
reltWel!h vole ar — =— i 
oteteP time Gwe? writwat fare Kee 
ae nae cole say Site wet lary 
ania tees ee ee ae ee 
PAL AT galled seep aaiewre ee geo Li 
WSU SIA RAE Sees be fewed gy ue it 
nota I iveace: Se peat mi ett op} 
Teele wT aie Sh ee ee Oe ee 
ates mw ee ons De ce eat 
toe V0 SiN ies Wars ate ewes enews 1: aa 
— ee eee tess 
ou cit ce ue efloce! wee of elena? =e *O1NF otha 
chee mee TF OTe Sieve 1682 GA Ree Weldde Om) Vo dip 
















“ipon as (ee 


a4 pled POS att =! becledis o 


which we are yarticularly intererte. 

The subject was diecussed with Dr, J. PF. Woodward. Iie 
rointed out that thie) targets present * very complicated 
problem in electron scattering and as yel no satisfactory 
theoretical worl existe on the subject. He has, hovrever, 
done some experimentel work in this field whiel. has not yat 
been ,ublished and kindly made the graphs of Figa. 5, 11-15 
avallable. 

The specular effect De, Pavevert observed is particu- 
lerly interesting. In the electron multiplier the average 
engle of incidenee in the first dynode ie ebout 70°. There-~ 


fore, by far the greatest niuwnber of electrons will be ro- 


4% 


flected onto the next stage, at leaet for the case of 1.88 
Hev electrons. From the appearance of the copper curve a 
small fraction will be reflected back at -70°. 

There doesn't appear to be any experimental evidence 
for this specular effect in the ragion below LOOKV nor any 
evidence afalinst it, since the work _— usually been done 
with thin foils and not with thick tarrete. 

Sehonland (S-13) investigated the region O-LOOKV for 
the relative amounts of cathode rays absorbed, transmitted, 
end reflected for variois thicitnssses of a namber of tlements. 
For electrons of angle of ineidenee 9° there is an upper 
limit for the percentage of reflected fangle of deflection 
grsater than Go?) electrons. tlt is reached when the tareret 
is thie’ enorgr. to stor all electrons from going throughs 
Fig. 16 is a comparison of som fo Schonland's data #ith 


that from Woodvara in Fig. 15. Wootward used very thick 
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targets and went to mich higher anergies. This data does 
not inelude seeondaries, @ince precautions were talen to 
prevent seconderiss from entering into the measurements. 

Based on this information the ex;erimental means ehcrn 
in Fig. 17 nas been devised for measuring the number of 


electrona lost directly. 
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Originally it wae ; ianned to wise the a4lectron gun 





adepted from a Duliont SRF cathode ray tube by AnSatesian 

and Seocenbaugh for their t.esis. Modificaticns would heve 
to ve made in order to nce Lt for our purposes. Since it 
focuses the eleetronr to a very small area, it woul be 
necessary to sweep the beam over the cynode in order to 
prevent a type of fatirue observes by Allen (A#7). A pree 
Liminary design of sweo; circuit hes been prepared in the 
event thet it sho:ild beeome necesanry to revert to this e< 
lectron gun for efficiency measurerentse, DeLocusine ie also 
feasible for this purroge. 

It soome desirable when using any apparatus to test it 
az a unit, if possible, rather than piecemeal. Keseure of 
fhe bulk of most types of e.Leetron gins and the high vol- 
tages involved, however, it did not appear feasible to use 
one With tne spectrometer under consideration. Dr. Getting 
called attention to tne type of gun intended for use in the 
Synchrotron. ft swppears eyualliy suitable for our purporer. 
A Sketch of the gun proposed for uee in the vacuum tank is 
Shown in Fig. 18. 

The orifice is small on order to hold Gewn toe musber of 
electrons ejected from tho Mune It 18 horned thet tho enorgy 
of the eleetrons Will fe spreed over a small sam and thet 
the Siewbahn magnet will nave sufficient control anc flextie 
bility eo thet, if necerrary, &® portion of tie Bahd width 


may be cut oute Variation of Pilament cur mt will give an 
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Power Supy lies. 

Two pore! supplies #111 be neesesary, one for tie 
electron muitipllear iteelf and one for the elestron mow. 
The writer hee beilt = suitable supply for the sleetron 
multiplier, seo Pia. 1% The Gesif¢n was provided in the 
main by Dr. Glerk. It my be used either positively crounded 
or negatively grounjed, the changs being performed by merely 
exchanging two eets of terminals. 

For the electron gun there is a Westinghouse Keraz 
unit availeble in the inboratory which will provide either 
positively or negatively grounded voltages from sero to 
seventy-five kilovolts. It msy bo poasible to mereure tre 
efficiency at even higher voltares by using o 1 kilovelt 
pulse generator now being bullt in the Synehrotron Labora« 
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One point stands ont. If the multiplicetton factor per 
stage of the aleetron multi;liier een be inersased to Bay 
five per btege, the asefulness of the multiplier -oulc be tne 
crested eoneiderably., “ici a factor oor not aprear to be 
iaapossible in view of the results of Mathes and Gilles. 

It seeme vory probable that the BeCu alloy used by them had 
Seme additional impurity that the American product Goss not 
haves It may be that some other type of activation will 
Bive better resilts. (Des, Ped) Further investipetion along 
this line is plannod. 

Reducing the ti:o of assembly after activation should 
improve the multiplication. It is planned to drill on the 
method of assembly before heat treating and aesembline the 
first tube in order to reduces the aseombly tine. 

Dr. Allen hese detormined tl.o efficiensy of one of hie 
tubes er a Feta ray cetoctor (A+7) for electrons ur to six 
kilovolts energyse The resulte are ® on in Figs. 20, el, 
ana 8f. ‘The ac-uracy of hie measurements were plus or minus 
li”@e Tho improvement in efficiency for twice the oririnel 
gain is interesting ane hears out the needa for »orking on 
improvement of muitiplicettion por stage, Alien precicts, 
on the basis of Tram and Ven de Graaff's work (Tel), that 
the ef fielency will drop to 10 to 20% for highor energies. 
The writer dewe not belteve that it sil) go thet lew for 
the reasen that Trury 's date is taven for electrons wit 


engele of incidence 0°, wherese in the multiplier the anprle 
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of tneidence if about 70°. TY the specular affect olde at 
theee lower onorgies, net only will “here be @ leseer pore 
centage of Seeonnmr ies than pred@teted bat moot of the pri- 
marive thet are elapttcally reflected wlli yues on Go the 

next stage where they Will have another op portinity to lose 
energy or knoek omt seeonfaries and of on. Therefore, the 
effiectency will 





not a2ecessrrily be low but the sire of pulses 
will very over a much wider range than the pulses for lower 
energy electrons. 

T. Wimmet of the Synchrotron Teboratory re invertigested 
the charmeteristics of Dare and Rowents amplifier and hae 
given an adverse report. If the am. lifier should prove une 
suitabie, the type 10. (RLE designation) which Heim hes ueed 
successfully will be investigated as well as the eclpealt 
used by Allen (A-7). 

It 1s anticipated that one of the major difficultias 
in the ¢etarmination of multiplier efficieney will ve the 
measurement, of small current. The percentage aeeuracy will, 
however, ke rze y depen on the number of electrona thet are 
reflected baek out the window. The metnod propored for mease 
uring these eleestrons lost should be acseurete to 10%. There} 
fore, if the percentnme of »eflected Alectrone Should bs say 
20% by moerurement, the tateal eceursey of measurement willl 
be on the or@t’er of 2% for the particular cnergy under congid- 
eration. The percentage of reflected electrenw almild bea 
gresateat for the entrgates from 5,070 to 20,009 volte apd tn 
tule region the gdeé¢aracy of wee ouressent will, “hererore, be 


lowest. 
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Fia a Counting rate as a function of 
the average voltage per stage of a 13- 
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Part II 


ABSTRACT 


Two electron multipliers were built. The first included all 
the design changes proposed in Part One of this report. However, it was 
found that the design was far from satisfactory for eliminating corona. 
A second multiplier was built with further modifications to attempt to 
eliminate the difficulties. A preliminary test indicated that although 
this multiplier was less noisy than the first, the noise was still 
intolerably high. Circumstances did not permit further investigation 
or work on the project but it is probable that the noise emanated from 


corona discharge in the preamplifier. 
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PART IT 
The Efficiency of an Electron Multiplier Tube 


The purpose of and the problems involved in the determination 
of the efficiency of an electron multiplier have been set forth in Part 
I of this report, which was submitted in September 1948 before very much 
experimental work was done. 

An Allen tube was built but the design was modified with these 
considerations in mind: 

(1) The first dynode would be at ground potential while the 

last was at about 4500 volts positive. 

(2) In order to reduce the possibility of corona, the resistors 
between stages forming the voltage divider were placed inside the 
electron multiplier where they would be in the vacuum. 

(3) Since the multiplier was also to be used as a Faraday Cage, 
it was considered necessary to bring out a lead for each dynode so 
that they could all be shorted together to permit the electrons col- 
lected on the dynodes to be measured along with those collected on 
the cage walls. 

(4) A ready made Stupakoff eyelet of approximately the same 
dimensions as the Dare and Rowen specially constructed eyelets were 
used in the assembly. 

(5) Since Dare and Rowen had considerable difficulty with 
vacuum leaks around their eyelets, the eyclets were mounted from 


the outside of the baseplate rather than the inSide. 
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(6) The size of the flange at the base of the shell was in- 
creased to permit drilling an additional row of holes for bolting 
the multiplier to the beta ray spectrograph. 

(7) To reduce the pumping time, the size of the tubing at the 
base of the multiplier was increased from one half inch to one inch. 

The machining wae done in the Nuclear Science and Engineering 
Laboratories machine shop. 

It was originally planned to use Micalex for the supporting 
plates as Dare and Rowen had done, but the machine shop reported extreme 
difficulty in drilling the material. ———s it was decided to 
change to mica, which was known to have worked successfully for W. E. 
Wright and T. M. Hahn, Jr. 

In order to cut down the time the dynodes were to be exposed to 
the atmosphere between heat treatment and the time they actually were put 
under vacuum, the time of assembly of the dynodes in the supporting plates 
was reduced from 30 minutes to 5 by drilling in the procedure. It was 
found that two om. of the extending nickel wire was the optimum length for 
assembling quickly. Having all the wires cut to the same length and two 
centimeters long, was a considerable factor in speeding up the assembly. 

While the parts for the multiplier were being machined a pre- 
amplifier was built for coupling to the high voltage output lead of the 
electron multiplier. 

It was small and compact and desivgned for mounting directly be- 
low the electron multiplier. It was modified from a design by T. Vimett 
for use with a photomultiplier. See fig. 23. 

The characteristics of this preamplifier along with the ampli- 


fier unit built by Dare and Rowen were examined. Fic. 2k shows the response 
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of the combination with a given signal. The preamplifier alone was found 
to have a gain of three. 

It is evident that with even two of the stages of the Dare Rowen 
amplifier cut out the amplifier is overloaded with an input pulse of seven 
volts amplitude. 

It appears that when the amplifier is overloaded very much it 
acts like a blocking oscillator. This is a serious drawback particularly 
when a scaler with a fast resolving time such as the G. E. Decade scaler 
is used, since it will count pulses such as that of fig. 2b as two pulses. 
A ringing of large amplitude gives additional pulses to the scaler which 
is sensitive to pulses greater than ten volts in amplitude and has a 
resolving time of about 10°? seconds. However, since it is doubtful that 
the largest pulses from the electron multiplier exceed one voit, there 
would be little "over-pulsing” with one of the stages cut out. Data was 
taken in an attempt to ascertain whether or not Dare and Rowen's Allen 
tube was generating pulses of such large amplitude that triple and quad 
Yruple pulses were being generated where only one should be recorded. Ap- 
pendix D shows the table of data taken in a series of ten one minute runs. 
The number of single, double, triple, and quadruple pulses registered in 
each minute period while observing the background count of the Dare Rowen 
Allen tube is recorded. 

The data was first treated as though each multiple pulse was 
actually a single pulse and the "Chi test" for randomicity applied (See 
E~lj). Next the data was treated so that the multiple pulses counted as 
so many single pulses. The results from the first test were such that 


the data may be considered satisfactory in terms of randomicity if the 
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multiple pulses are considered as singles, that is, the value of 0.85 
for P is well within the limits of 0.02 and 0.98. But by the second 
treatment much better results were obtained since the value of P comes 
out .5 which is close to the optimum of .50. Thus in all probability 
there was no overloading of the Dare Rowen Amplifier by the Allen tube. 

As mentioned in fart I of this report, it is essential that a 
scaler of fast resolving time be used when comparing the number of out- 
put counts with the input current, since it is desirable to be able to 
measure a current of 10715 amperes with an accuracy of + lg. =A standard 
Schmidt type scale of sixty four was built in the Nuclear Science and 
Engineering Electronic shop to be used in series with the General Flectric 
decade scaler. Since the G. E. is a scale of 100, when the two are com 
bined there is a total scale down of 61,00 to one. Since the Schmidt scaler 
is not quite as fast as the G. E. it was placed after the G. E. scaler. 

The Allen tube is a type I counter (E-l). That is, it is not 
deadened to a succeeding impulse while one pulse is in the process of 
being recorded. A current of 10-15 amperes would give us a true counting 
rate of about 5000 counts per second, Taking the resolving time as 2x107/ 
seconds, the actual counting rate will be 


ns New" where Nis true counting rate 
T is resolving time 


for N n= N(1-N ) = 5000 (1-5000 x 2 x 1077) = 5000 (1 - 1073) 
or there will be a statistical error of 1/10 of one per cent between the 
actual counting rate and the true counting rate. This is negligible com 
pared to the error of three or four per cent expected in the input current 


measurement to be made by the Compton electrometer. 
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Originally it was planned to measure the input current with 
a balanced DuBridge circuit. However, on the advice of Professor Not- 
tingham, who also offered to lend the necessary equipment, it was planned 
to change to a Compton electrometer as 4 ereenring device. Professor 
Nottingham pointed out that although the DuBridge circuit provides for 
stabilizing for variations in supply voltage and so forth, actually the 
Fr-Sks themselves are more unstable than the items the circuit was de- 
signed to stabilize. . 

The eyelets were mounted in the base of the electron multi- 
plier by a glassblower in K.L.E. glass blower shop, who heated it in an 
oven, applied the soft solder and dropped in the eyelets. Three eyelets. 
had to be replaced due to cracks developing in the glass. When the base 
and tube shell were assembled, a small leak around one of the eyelets 
was found but it was easily stopped with a daub of glyptal. 

The beryllium copper dynodes were sanded with three grades of 
fine sandpaper and were degreased before hydrogen firing. They were hy- 
drogen fired at 600° C. for ten minutes. From the time of completion of 
the firing until the dynodes were assembled in the sideplates, all joints 
soldered and cleaned, and the assembly placed under vacuum,one hour end 
fifteen minutes elapsed. Prequurs dropped Slowly over the next twenty- 
four hours to 10-5 mm of mercury. It was allowed to remain over the 
weekend after which pressure had dropped to 2.4xl0-° om of mercury. 

Yhen voltage was applied the pressure rose to about 1675 om 
and gradually dropped again. 

The Dare Rowen amplifier was set with all stages cut in and with 
the biases Pl and F~2 set at 3.5 volts and 5.5 volts respectively. The 


output of the Dare Rowen amplifier was lead to the first stage of the 
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decade scaler and the decade scaler set for 100-1 reduction; its output 
was fed into the Schmidt scaler. 

A background count of anywhere from 30,000 counts to 60,000 
counts per minute resultea for );,200 volts on the multiplier. 

Fig. 25 is a typical curve of the noise as a function of vol- 
tage. 

Several weeks were spent in attempting to track down and reduce 
the noise sources. Considerable noise developed even with no voltage on 
the multiplier. 

Also, Dr. Getting pointed out at this time that there was a 
basic fault in the construction of the multiplier, in that there was no 
resistor independent of the power supply condenser across which the signal 
could be developed. Correcting this entailed the labor involved in instal- 
ling the six kilohm resistor shown in fig. 23 between the .5 Kv power 
supply and the collector electrode. 

On the assumption that the noise was due to corona, the glass 
eyelets and the base plate were thoroughly cleaned with acetone, then 
Ceresin wax was painted on with a brush. 

Tne dynodes were removed from the multiplier, the solder was 
Cleaned off all joints and the entire assembly including the mica plates 
were degreased and again hydrogen fired to 650° C. for ten minutes. 

After assembly and pumping down, the voltage was appliec again 
and the background rate was found to still be extremely high. 

On the assumption now that the noise was perhaps due to causes 
other than corona, other possible sources were investizated. 


Eventually, at different times, all of the following were found 


br Bat 


‘ 
- 
. 


: 





_- 
n 


i= 
eatin ly 


req se 


- 


- 


a 


o* 


six freslcseetents Hie 


ieeeasiet sorsteqezede: 


* 7 4 e ' 
4 = +. sres'asz 
ells? izieg tee beanies ea aia coun setae 
| . _— --—_ i +<. ert ty wee 


- 2 ~446 + thy = 
hE -- 44<-¢ 666 5 ceyeere= 
+325 


+- nd - 


-) . ' 
OI eueeee /e 


ae 
: ¥ 


“i Cie tar?’ s2 
Site geathegspateens 


oes Sea eu pn 


“a sre oe hee 
eee? eas  SeeeTeS 
ee re ee . 4 @. sie 
45 ste T= 
+ yueoe 
Seah ae sqsasiepsaiseas 
$31 + hirene 
+>: ae¢ 
Tittertr: form 
Ae A eo ae) 
Tarewer rv. 
Peeeee eo euoed 
bebedeeeet Siiiriaaten 
Hehe TALL i.) y' 
.* aeeah4 bernie 
Rett ee 
eaaer ee 
ai ° 


Sheesh tine pom “one viny ALEai pee fine ee sect 
oe eu ea pe sents +4 


its+* 

. = oka}. - . - : om | 

a bl . : e e - J . L] rat 4 
= — . : i a P - are 





’ 
i 
¥ 


to cause background noise: 
(1) Noisy preamplifier tube 
(2) Bad coax cable from preamp to amplifier 
(3) Preamp case not grounded properly 
(l;) Imput to preamp not shielded 
(5) Input shield not grounded 
(6) Poor connections in preamp 
(7) Poor connection between preamp and multiplier 
(68) Poor connections in electron multiplier 
(9) Poorly regulated power supply 

Even after correcting all these faults, when the voltage was 
put on the electron multiplier the background count was still large. 

With the failure of all attempts to eliminate noise in this 
electron multiplier, a modified design was sought which would further 
eliminate cdrona. A base plate wes designed and machined which had in- 
stead of the previous 13 openings for eyelets only four. These four were 
arranged to provide the support for the dynode essembly. Only two of the 
regular Stupaxoff eyelets were used; two two-inch glass insulators were 
used in place of eyelets for the high voltage terminals. 

With this construction there i8 no provision for shorting all 
the dynodes together, but it is believed unnecessary to be able to do so. 
The multiplier any bs considered a series of condenser plates with resis- 
tors between. The capacity between plates is estimated to be about 100 
micromicrofarads. Since the resistance between the plates is three merohns 
the time constant will be 300 microseconds or with a reasonably steady 
influx of charged particles the system should come to equilibrium in one 


or two milliseconds permitting true input current to be measured practically 
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immediately. This does not take into consideration the capacity between 
the dynodes and the shell, but the effect of that capacitance can largely 
be eliminated by connecting the last dynode to the first and the shell, 

This modified electron multiplier was found to be noisy also, 
but only about half as noisy as the previous one. There was no oppor- 
tunity to conduct further experimentation, but it is believed that most 
of this noise could be reduced by rearranging the preamplifier so that the 
high voltage connections between the preamplifier and electron multiplier 
are reduced to a minimum. For example, the coupling condenser might be 
mounted directly on the electron multiplier base. 

Fige 26 is a photograph showing the arrangement of the equip- 
ment. 

Acknowledgement and thanks are due to just about everybody in 
the Synchrotron Laboratory. All have assisted in one way or another with 


the project. 
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